A novel Z-groove index characterizing myocardial surface structure.
The role of t-tubule structures in excitation-contraction coupling of ventricular myocytes has been investigated by disruption using prolonged culture, or osmotic shock with formamide. We have used a new method, the Scanning Ion Conductance Microscope (SICM), to investigate in more detail the changes in surface structure of live myocytes during these interventions and to relate them to contractile effects. Freshly isolated ventricular myocytes from adult rat hearts were either incubated with formamide, then washed to produce osmotic shock, or put into culture for 2, 4 and 7 days. Contractile characteristics of single myocytes were then measured using the IonOptix system, and in parallel imaged using the SICM which produces a 3-dimensional topographical representation of the cell surface. Loss of t-tubules was quantitated with confocal microscopy after staining with the membrane dye di-8-ANNEPS, and sarcomere structure revealed by immunocytochemical detection of alpha-actinin. Detubulation was produced by either method, with formamide equivalent to 4 day culture in quantitative measures of ANNEPS t-tubule/membrane ratio. SICM images confirmed the loss of t-tubule indentations. Disruption of the Z-groove structure and flattening of the surface were also noted with formamide and, to a lesser extent, culture. A novel Z-groove index was introduced to describe this effect more quantitatively. Contraction and relaxation were impaired by the detubulation methods, but formamide had a markedly greater depressant effect on contraction amplitude than equivalent detubulation by culture. Changes in contraction amplitude after detubulation with formamide were more closely related to the alteration in Z-groove structure than loss of t-tubules alone. As well as disrupting t-tubule-induced excitation and calcium movements, formamide may alter the transmission of contraction in the myocyte by interference with sarcomere attachment at the Z-line.